than either the advanced CKD patients or the controls. Conclusion: Advanced CKD and dialysis dependency are associated with impaired and highly variable sleep quality, mood, and alertness.
Introduction
Poor health-related quality of life (HRQOL) in patients with advanced chronic kidney disease (CKD) remains a challenge to both patients and physicians [1] . In particular, daytime sleepiness, fatigue and mood disturbances are common and important symptoms associated with poor HRQOL among the CKD [2, 3] and the endstage renal disease (ESRD) populations [4, 5] . Even though similar symptoms are commonly reported by patients with CKD [6] [7] [8] , the severity and the day-to-day variability of such symptoms in the different stages of renal disease relative to normal controls is largely unknown. To our knowledge, the potential for these symptoms to exhibit a substantial degree of day-to-day variation in patients on or near dialysis dependency has not been previously appreciated in the literature. Yet, a high degree of variability in mood, sleep quality and alertness could hinder the recognition and delay the treatment of these symptoms by providers [6] . c278 To address these gaps in knowledge, we examined daily sleep quality, mood and alertness in patients with stages 4-5 CKD or ESRD dependent on dialysis and in a comparison group of adults matched for age, gender and race. In order to characterize the variability in the severity of these symptoms, we prospectively recorded such data in diaries completed by study participants over a period of 7 to 14 days. In carrying out this investigation, we hypothesized that patients on dialysis [hemodialysis, (HD) or peritoneal dialysis (PD)] would demonstrate both worse (lower) and more variable sleep quality, mood and alertness compared to patients with stages 4-5 CKD and to normal controls. Patients were eligible to participate if they were 1 18 years of age, had an estimated glomerular filtration rate (eGFR) ! 30 ml/ min/1.73 m 2 or were on maintenance dialysis (either HD or PD). In order to have a study sample in the steady state of their health, without any acute medical condition that could affect the results, patients were excluded from participation if they had: craniofacial abnormalities, actively treated sleep apnea, active malignancy, active infection, pulmonary disease using home oxygen therapy, active coronary artery disease within the last 6 months, advanced cirrhosis, advanced dementia, active alcohol abuse, or refractory psychiatric disease ascertained by medical records and confirmed by interview. This study was approved by the University of Pittsburgh institutional review board (protocol numbers: 312047, 501068, 604042) and all participants provided informed consent.
Control Patients without Kidney Disease
Control subjects without known CKD were drawn from an archival database of 820 healthy participants studied in 20 National Institutes of Health (NIH)-funded studies at the University of Pittsburgh between 1988 and 2006. Although the specific inclusion/exclusion criteria differed somewhat among these studies, all control participants were required to be in good general health, with only minor, well-controlled medical conditions as determined by medical history and physical examination. In addition, they had no current psychiatric illness by structured psychiatric interviews (the Schedule of Affective Disorders and Schizophrenia, SADS or the Structured Clinical Interview for DSM-IV, SCID) [9] , and no current sleep disorder by clinical history. The information available on the archived participants consisted of demographic information and 7 days worth of sleep diary data. Controls were matched on age, gender and race to the patients in this study by a series of iterative queries against the archival database attempting to match the age ( 8 5 years), gender and racial distribution of the reference group to the patient participants. If a perfectly matched control for all 3 characteristics could not be located in the database, we used age and gender to carry out the matching.
Data Collection and Validation
Baseline data collection included a brief standardized health interview and a self-completed questionnaire, assessment of current antihypertensive medication use, blood pressure and anthropometric measurements. The self-completed questionnaire collected information on age, gender, race (categorized as AfricanAmerican or European-American), employment and educational status (high school graduates or higher versus less than high school education).
Kidney function in non-dialysis dependent patients was estimated by the Modification of Diet in Renal Disease (MDRD) GFR estimating equation [10] . Diabetes was defined as current use of insulin or oral hypoglycemic agents, while chronic heart failure (CHF) was ascertained by self-report. Presence of restless legs syndrome (RLS) was characterized using the Johns Hopkins RLS Severity Scale (JHRLSS), comprising 9 diagnostic questions to establish the essential criteria for RLS and exclude other common diagnoses. This questionnaire has been shown to have 92% sensitivity and 95% specificity when compared to the gold standard of a clinical diagnosis by a sleep disorders specialist [11] . Depression was characterized as present using both the Patient Health Questionnaire [12] (PHQ-9; score of 9 and above) and/or by use of antidepressant medications. The PHQ-9 is a 9-item tool that assesses the patients' frequency of experiencing depressive thoughts or feelings over the prior 2 weeks. In patients on HD, PHQ-9 scores 1 9 are 92% sensitive and specific for a diagnosis of depressive disorder [5, 13, 14] .
Laboratory data available in a 3-month period prior to the time of study were collected from patient's medical records and averaged. Such data included hemoglobin, serum creatinine and blood urea nitrogen (BUN), serum bicarbonate, potassium, calcium, phosphorous, and serum albumin.
Instruments
The Pittsburgh Sleep Diary (PghSD ) was developed as a pen and paper diary of sleep-wake behavior [15] yielding daily estimates of bedtimes, waketimes, sleep latency, wake after sleep onset, mode of awakening and ratings of sleep quality, mood, and alertness on wakening. The waketime portion of the PghSD assesses sleep quality, mood and alertness by a visual analog scale (VAS) that ranges from 0-100 with higher scores representing less sleepiness, better mood and increased alertness. Patients were instructed to complete these diaries each morning for up to 14 consecutive days irrespective of their dialysis schedule.
To characterize a profile of HRQOL in standardized domains we used the Short Form-36 (SF-36), which consists of 8 dimensions: (1) physical functioning (PF), (2) role limitations due to physical functioning (RP), (3) bodily pain (BP), (4) general health perceptions (GH), (5) vitality (VT), (6) social functioning (SF), (7) role limitations due to emotional functioning (RE), and (8) mental health (MH). Raw scores are transformed into a score between 0 and 100 for each dimension, with higher scores indicating better performance [16] . The 8 scales of the SF-36 are hypothesized to form 2 distinct higher ordered clusters according to the physical and mental health variance that they have in common [17] . The PF, RP and BP scales primarily correlate with the physical dimension, c279 whereas the, RE and MH mostly contribute to the mental component. The GH, SF and VT have considerable correlations with both physical and mental dimensions of HRQOL [16] . In order to avoid an overlap between the elements of the PHQ-9 and the components of the SF-36, we used only the primary members of the physical domain and the GH subscale of the SF-36 instrument. As this instrument was completed only once in this study, it cannot be expected to capture the day-to-day variability of symptoms among patients with CKD and ESRD. However, it does provide a static picture of patients' perception of HRQOL at the beginning of the study [18] and potentially account for residual confounding in associations of mood, sleep quality, alertness and their variability.
Statistical Methods
Descriptive statistics was used to examine the distribution of all independent variables, including demographics and other baseline characteristics. For variables measured on a ratio or interval scale, the mean and the standard deviation were determined as a measure of central tendency and dispersion, respectively. For categorical variables, the frequencies of responses at each level were used.
For the analyses of repeated responses in sleep quality, mood, and alertness, population-averaged methods for longitudinal data, i.e. generalized estimating equations (GEE), were used [19, 20] . These methods allow one to model both the average response (questionnaire score of sleep quality, mood and alertness) as well as their variability while taking into account the possible correlations between repeated assessments in the same individual. In order to apply GEEs one specifies regression (sub-)models for the mean score in the domains of sleep quality, mood and alertness as well as their standard deviation (day-to-day variability) in terms of baseline predictors (patient group, demographics and static HRQOL assessments). The GEE method then reports separate coefficients for the effects of these predictors on the mean and the standard deviation of each domain score; the coefficients in the sub-model for the mean are interpreted as the change in the mean response associated with a unit change in the predictor. On the other hand, the coefficients in the sub-model for the standard deviation are ratios that quantify how many times larger the standard deviation is in the presence or the absence of the predictor. All analyses were performed in R version 2.7 with the R library geepack [21, 22] .
Results

Study Population
A total of 121 patients with renal disease were approached and agreed to participate in the study. These patients provided both sleep diary data as well as reasons for failing to complete them. Reasons offered for noncompletion included hospital admissions and acute illness, daily activities interfering with completion of diaries, and problems with sleep diary data entry. There were no significant differences in the age and gender of excluded and included participants, except of race (those with complete diaries were significantly more likely to be European-American). Out of the original study population, 92 patients provided complete sleep diary data and were evaluated. These patients were linked to 91 controls matched by computer for age, sex and race. The final study sample consisted of 183 participants from which 1,869 days of sleep diary data were collected.
Twenty-three patients (25%) had CKD stages 4 and 5 with an average estimated glomerular filtration rate (eGFR) of 13.6 ( 8 4.3) ml/min/1.73 m 2 and 59 (75%) were dialysis dependent (ESRD). Fifty-six individuals with ESRD (61%) were receiving thrice weekly in-center HD and 13 (14%) were using PD. For the HD sample, the average single-pool Kt/V was 1.63 ( 8 0.35), while for the PD patients the average weekly Kt/V was 1.94 ( 8 0.7). Most of the HD patients were dialyzed during the morning dialysis shift (66%). None of them was dialyzed in the evening or during the night shifts. Other characteristics of the population with renal dysfunction are shown in table 1 . The CKD group had younger, more male and fewer diabetic patients than the ESRD group. The CKD group had also lower serum levels of creatinine and phosphorus, and a lower PF subscale score ( table 1 ) . Notably, there were no statistically significant differences in the distribution of mean hemoglobin among the 2 groups of patients with renal disease. Of the 91 controls matched to the patient sample, the average age of controls was 52.4 years (p = 0.59 vs. patients), 63.7% (n = 58, p = 0.96 vs. patients) were men, and 82.4% (n = 75, p = 0.02 vs. patients) were European-American.
Norms for Mood, Sleep Quality and Alertness
Overall, participants without known renal disease had high self-rated scores of their mood, sleep quality and alertness ( fig. 1 , left) and a relatively stable day-to-day variation in the mean ( fig. 2 , left graph in each row). The mean and the standard deviation of the controls were 79.2 8 15.8, 76.7 8 17.1 and 77.0 8 19.0 for mood, sleep quality and alertness, respectively. In adjusted models for these norms ( table 2 ) younger age, female gender and European-American race were associated with better (higher mean) and less variable mood (ratio of standard deviations ! 1 in table 2 ). There were no significant associations between demographic characteristics and sleep quality or alertness.
Sleep Quality, Mood, and Alertness in Patients Compared to Controls
The distribution of sleep quality, mood, and alertness scores and the day-to-day variability in these domains for the CKD and ESRD samples relative to controls are shown c280 in figure 1 (middle-right) and ( fig. 2 , middle-right) respectively. In unadjusted comparisons ( table 3 ) , patients with CKD stages 4-5 demonstrated statistically significant reductions in their average scores in sleep quality and alertness relative to controls, while patients on dialysis had lower performance in all 3 domains. Sleep quality was affected the most with reductions of 13.4 and 20.8 from the normative response in the CKD and ESRD groups, respectively. Day-to-day variability of mood, sleep quality and alertness was also higher in the ESRD group ( table 3 ) ; the standard deviation of scores was 71, 72 and 52% greater than controls. Even though there was a trend for mood, sleep quality and alertness scores to be more variable in the CKD group relative to controls, statistical significance was attained only for the sleep domain. These differences in average sleep quality, mood, and alertness scores and their variability were significant and of same magnitude for all 3 domains after adjusting for age, gender, and race (not shown).
Predictors of Sleep Quality, Mood and Alertness and Their Variability among Patients with Kidney Disease
In analyses adjusting for demographic factors, body mass index (BMI), high school education, employment p value is the result of testing the equality of CKD to HD to PD (CKD = HD = PD). Hemoglobin (whole blood) in g/dl may be converted to g/l by multiplying by 10.0; serum potassium in mEq/l to mmol/l by multiplying by 1.0; serum bicarbonate in mEq/l to mmol/l by multiplying by 1.0; serum calcium in mg/dl to mmol/l by multiplying by 0.25; serum phosphorus in mg/dl to mmol/l by multiplying by 0.323; BUN in mg/dl to mmol/l by multiplying by 0.357; serum creatinine in mg/dl to mol/l by multiplying by 88.4; serum albumin in g/dl may be converted to g/l by multiplying by 10.
Sleep Quality, Mood and Alertness in CKD Nephron Clin Pract 2010;114:c277-c287 c281 status, CHF, depression, RLS, total number of antihypertensives taken, usage of beta-blockers ( ␤ -blockers) and SF-36 components, dialysis dependency was associated with lower average scores in mood, sleep quality and alertness ( table 4 ). A better (higher) GH score was associated with better scores in mood and sleep quality, while less (higher) BP score predicted better performance on mood/sleep. Patients with a higher PF score scored worse in all 3 domains. Older age was associated with better average mood and alertness, while African-Americans had also higher scores in mood and alertness than EuropeanAmericans. BMI was also associated with worse sleep quality. There was no statistically significant association between high school education, employment status, CHF, presence of RLS, total number of antihypertensives used, usage of ␤ -blockers, depression and female gender with any of the 3 domains.
Statistically significant predictors of variability included dialysis dependency for mood and alertness (increase in variability of mood and alertness by about 35%, p ! 0.001), while better (higher scores) general health led to less variable mood scores by 26% (p = 0.009). In addition, there was a significant effect of employment status on the variability of the mood and alertness scores. Employed patients showed 39% more variable mood (p ! 0.001) and 24% more variable alertness (p = 0.05). Notably there was no effect of the shift of dialysis (morning vs. afternoon) on the variability of scores for any of the 3 domains in the subgroup of patients receiving HD. Patients dialyzed in morning shifts had 14 and 19% greater variability in their mood and alertness scores (p = 0.45 and 0.19, respectively) and 12% less variable sleep quality (p = 0.35) compared to patients dialyzed during the afternoon.
Sensitivity Analysis
The analyses shown in tables 2-4 were repeated with alternative techniques for repeated measures data (linear normal mixed models) and there was no substantial difference in the parameter estimates. To guard against residual confounding by the differences in the laboratory values, we constructed GEE models that included the association between diabetic status, laboratory values and sleep quality, mood and alertness. In these extended models, there was no substantial difference in the coefficients of the predictors in tables 2-4 . Furthermore phosphorus level, hemoglobin, bicarbonate and diabetes were not statistically significant predictors of the average sleep quality, mood and alertness scores and their variability.
Discussion
In this report of 92 patients with advanced renal disease and 91 matched healthy controls with 1,869 days of sleep diary data, we demonstrate a marked impairment and a higher day-to-day variability in sleep quality, mood and alertness relative to norms for these domains as- sessed in the controls. Dependence on dialysis appears to further exacerbate the average severity of these symptoms compared to CKD stages 4-5, and may also be associated with increased variability in some of these domains. In contrast to normal controls, African-American patients experienced better mood, sleep quality and daytime performance (alertness). These findings are novel in quantifying the average performance in 3 important quality of life domains as well as its variability against normative standards with important implications for clinical research and practice.
Our findings extend previous work that showed a high rate of sleep complaints in patients with renal dysfunction by using diary methods and by assessing daily variability in sleep domains. Patients with ESRD have a remarkably high rate of sleep complaints and a higher prevalence of sleep disorders than the general population [4, 23] . Studies of patients on maintenance HD have found that 50-80% report some sleep complaint (delayed sleep onset, frequent awakening, restlessness) or excessive daytime somnolence suggestive of poor sleep quality [24] [25] [26] [27] .
The poor sleep quality of these patients may be due to the 1 The first number in each cell is the coefficient quantifying the change in the average mood, sleep quality and alertness in the presence of the predictor (or per 1 unit change for continuous predictors such as age). Number in parentheses is the 95% confidence interval (uncertainty of the model for the value of the coefficient), and the final number is the p value measuring statistical significance. 2 The first number in each cell is the coefficient of the model giving the ratio of the standard deviation of mood, sleep quality and alertness in the presence of the predictor (or per 1 unit change for continuous predictors such as age). Number in parentheses is the 95% confidence interval (uncertainty of the model for the value of the coefficient), and the final number is the p value measuring statistical significance. Nayar /Weisbord /Unruh Nephron Clin Pract 2010;114:c277-c287 c284 adjustment of their sleep-wake behavior to the time requirements of the dialysis regimen, and this adjustment is likely different for patients on home therapies versus in-center HD. In PD, the need to adhere to a long therapy, delivered at a relatively inflexible schedule may result in an individual spending more time in bed than he or she would have done otherwise. If patient oversleeps as a result of the extra sleep time one day, then he or she may experience a sleepless night the next day leading to fluctuating sleep quality and changes in day time performance (alertness) and possibly mood. On the other hand, a patient receiving in-center HD would have to adjust (shorten) one's wake-up time in order to show up for his dialysis treatment the same day [28] . We postulate that irrespective of the specific nature of this adjustment, the end result is a disruption of the normal sleep behavioral patterns as well as poor and more variable sleep scores of the dialysis population.
A novel finding of our investigations concerns the high variability in mood, sleep quality and alertness reported The first number in each cell is the coefficient quantifying the change in the average mood, sleep quality and alertness in the presence of the predictor (or per 1 unit change for continuous predictors such as age). Number in parentheses is the 95% confidence interval (uncertainty of the model for the value of the coefficient), and the final number is the p value measuring statistical significance. All models are adjusted for a linear trend in day-to-day performance in each of the 3 domains.
Sleep Quality, Mood and Alertness in CKD Nephron Clin Pract 2010;114:c277-c287 c285 by patients with CKD which was particularly prominent in the ESRD group. Diaries are particularly helpful for the assessment of variability since they provide reliable [29] , prospective assessment of symptoms and their day-to-day variation [30] in the participants' usual environment, with limited burden while avoiding recall bias [31, 32] . Hence this higher variability observed in this cohort, is likely a generalizable finding of our study. Since patients with CKD had more variable scores than controls, one possible explanation is that the uremic milieu is at least partly responsible. One could further hypothesize that the additional variability of ESRD relative to CKD patients is related to their dialysis dependency or the timing of dialysis, which could induce alterations in arousal and/ or thermoregulatory processes [33] [34] [35] [36] . On the other hand, the greater variability could be interpreted as an attempt by the patients with poor average sleep to 'catch up' when the opportunity presents itself.
Irrespective of the cause of this high variability in symptoms, its presence has important implications for both clinical practice and research. Poor sleep quality in particular has been associated with higher mortality, higher disability and utilization costs in the CKD/ESRD population [40] , hence, recognizing its presence may be of particular relevance to the clinical management of these patients . The excess daily variation of symptoms relative to controls implies that a single cross-sectional assessment of patients with renal dysfunction may not be sufficient to correctly classify patients in clinical practice. Previous research has highlighted that renal providers are largely unaware of the presence and severity of symptoms related to sleep quality, daytime performance and mood among patients who are on maintenance HD [6] . One could hypothesize that a high variability in the severity of these symptoms could lead to underdiagnosis if the 'peak' (the 'good' but atypical days) of patients coincides with the day they are assessed [6] . The implications for research programs that directly address these symptoms can be extrapolated from studies in subjects without renal dysfunction to the CKD/ESRD populations [41] . Unless one explicitly acknowledges the potential for the variability to be higher in these patient groups by incorporating repeated assessments, higher sample sizes, and suitable methods [42] , the loss of power may be substantial.
It is interesting to note that there was no statistically significant effect of the timing of dialysis (dialysis shift) in our patient population considering that our patients have considerable flexibility in selecting their preferred shift. Previous studies on the impact of dialysis shift on sleep abnormalities, morbidity and mortality are still scarce and heterogeneous in the findings. Two studies by Sabbatini et al. [37] and by Merlino et al. [38] identified dialysis shift as an independent predictor of insomnia and sleep disturbances. On the other hand, in the HEMO study [33] as well as in a more recent evaluation by Bastos et al. [39] , there was no statistically significant association between morning dialysis shift and sleep quality, VT or daytime sleepiness. Differences in the patient populations, unit practices (flexibility in allowing patients to select the shift they prefer to dialyze) and possibly the prevalence of depression may account for these discrepant findings. Notwithstanding the lack of association between the time of dialysis shift and poor mood, sleep quality and alertness, we cannot rule out the possibility that a study with a larger sample could find a significant effect.
In this report, African-Americans had higher scores in all 3 domains than European-Americans (p ! 0.001). This racial association has been noted previously; in a recent cross-sectional study assessing sleep quality by the KDQOL instrument, non African-Americans had a worse sleep quality by about 10 points [43] , an effect that is near identical to the one estimated in this report. In the HEMO study population, African-Americans were also noted to have higher unadjusted sleep KDQOL scores [44] , while elderly African-American patients had a smaller burden of sleep-related symptoms in a community cohort [45] . Race did not have a protective effect on the healthy control group employed in this study, mirroring findings previously reported in the Cardiovascular Health Study and the Sleep Heart Health Study [46, 47] .
The findings of this report should be interpreted in light of the following limitations. First, this is a study of subjective sleep characteristics and their variability, rather than a study of sleep disorders. Therefore, we cannot comment on the nature of sleep disturbances observed. Second, the waking assessments did not account for potential circadian variation in sleep quality, mood and alertness. Consequently, changes that may occur throughout the day will be missed by a single daily measurement of day time performance. Future studies should consider employing frequent assessments across the day to measure diurnal variations. Finally, while our study examined the prevalence of comorbid medical conditions and laboratory abnormalities linked to renal dysfunction, we did not have comparable data in the control group. In addition, by using control subjects derived from an archival database we could not control for the exclusion of individuals with sleep disorders. Studies that employ concurrent, prospectively assessed cases and controls should be undertaken to address this limitation. c286 Our findings suggest that future efforts to understand and estimate the importance of sleep disturbances in patients with CKD should not focus exclusively on those with ESRD. The PghSD may serve as a clinical tool to understand the sleep problems of patients with varying stages of CKD. Our assessment of the patient's variability in sleep, mood and daytime performance (alertness) will need to be verified in additional settings and with larger sample sizes. Finally, further work should examine potential biological mediators of impaired sleep, mood, and alertness among patients with advanced chronic kidney disease.
